The causality between energy consumption and demand for comfort in housing services has been an important yet unresolved issue in the energy literature. This study uses a unique dataset of electricity consumption by public housing residents in Singapore measured at the block (building) level, and merges it with the data of construction sites for the periods from 2009 to 2012 to test the households' electricity consumption behavior. Our results showed that there were significant increases in electricity consumption for public housing located within a 0.5km to 1km boundary from the adjacent construction sites. The electricity consumption of households affected by construction noises was 6.0% higher than the electricity consumption of control households who are not affected by noises from construction sites, after controlling for the fixed building and fixed month of the year effects in our models. We also found that the changes in electricity consumption of the affected households were permanent, and the electricity consumption of the affected households did not revert back to the pre-construction levels, after the removal of the negative externality.
Introduction
Rising energy consumption is a global concern. Household electricity consumption is growing at an alarming pace in tandem with rapid urbanization processes, especially in emerging economies. Policymakers have been eagerly and actively sourcing for effective measures either through improved building efficiency, behavioral changes, or other interventions that can help arrest the rising trend in energy demand.
The literature studying household behaviors in residential electricity (energy) consumption lacks consensus with respect to how electricity as a commodity should be defined. Some researchers treat electricity as a consumption good, whereas others model it as an input to production of household satisfaction in housing services (Quigley, 1984; Quigley and Rubinfeld, 1989) . The former group is concerned with how households change their electricity consumption behavior in reacting to exogenous events, which include price shocks (Halvorsen, 1975; Dubin, Miedema and Chandra, 1986; and White, 2005, 2008;  and others), public pressure (Reiss and White, 2008) , "environmentalism" ideology (Kahn, 2007; Kahn, 2011, 2013) , energy-saving home improvement (Metcalf and Hassett, 1999) and building codes (Costa and Kahn, 2010; Jacobsen and Kotchen, 2013) . However, the housing production literature treats energy (electricity) consumption as one of the inputs to produce dwelling comfort (indoor air temperature) for households. Electricity consumption is endogenized in the function of the production of housing comfort, where households are able to freely substitute between energy (electricity) consumption ("purchased comfort") and housing (such as rooms, vintage, etc.) and climatic 1 attributes to attain the expected interior comfort of dwelling ("produced comfort").
The issue liaises with the assumption of whether household electricity consumption is an endogenous function of the expected comfort level in dwelling services (Quigley, 1984; and Quigley and Rubinfeld, 1989) . The earlier group that argues for the household electricity consumption being exogenously determined, however, neglects the heterogeneity in the "produced comfort" (indoor environment) expected of their housing services by households.
This study attempts to bridge the gap by empirically testing the causality between households' choice of interior comfort in housing services and their electricity consumption behavior 1 Quigley and Rubinfeld (1989) found that prices of houses located in milder climates are significantly higher than comparable houses located in warm or cold climate, ceteris paribus.
using a unique set of electricity bills data for public housing estates at the block level in
Singapore for the periods from 2009 to 2011. This study is motivated along the same spirit of the growing literature that attempts to find a clean identification strategy to separate the endogeneity in selected economic events, such as disentangling cost-side factors from demand-side factors in hydropower dam placements, which are not randomized across counties (samples) (Lipscomb, Mobarak and Barham, 2013) .
There are two advantages of using Singapore's block level electricity bill data in our experiment on residential electricity (energy) consumption behavior. First, Singapore, which is in the tropical climate zone, has a relatively constant temperature with high humidity.
Therefore, the energy is predominantly used in air-conditioning internal room temperature to provide cooling comfort. Electricity is the primary source of energy for households in Singapore; and the selection between electricity and natural gas that may create biases in previous (mostly U.S.-based) studies is eliminated in our study. In the tropic climate, Singapore does not experience significant climatic shocks throughout the year, and thus the rebound effects, if exist, should be independent of households' adaption to transitory climatic temperature variations in our tests of the "comfort" demand. Second, Singapore is a denselybuilt urbanized city, where high-rise and high-density livings are the norm. New construction activities are also a common part of the urban fabric. Noise and air pollution arising from construction activities are used as environmentally induced negative externalities to test how households react to declines in dwelling "comfort" by changing their electricity consumption (by extending the use of air-conditioning to cool indoor space).
As "comfort" is not observable in reality, we use the construction activities within 0.5 kilometer (km) and 1.0 km compounds of housing estates adjusted by scales of construction projects (by square meters gross floor areas) as our unique identification of environmental externalities. Based on the samples of households who live near construction sites ("treatment" samples) and those households in public housing estates located outside 1.0 km from the closest construction sites ("control" samples), we empirically test the variations in block-level electricity bills in the two estates during the construction period. Our results show that the "treatment" housing blocks consume significantly more electricity in the same months after controlling for housing and climatic attributes. The results imply that households mitigate externalities associated with construction noise and pollution from the nearby construction sites by air-conditioning the indoor environment, which as a result, causes the electricity bills of the housing units in the treatment blocks to increase relative to other far-away blocks, ceteris paribus. We also found that the household electricity consumption behaviors did not revert back to the original pattern, after the completion of the construction activities. The comfort level is sustained by high electricity bills after the removal of the construction related noise and pollution. The persistence in the electricity consumption behavior of the affected households is consistent with the rebound effects found in Reiss and White (2005) .
There are traditionally two ways of valuing negative environmental externalities in real estate research. One is to use stated preference methods (e.g., contingent valuation) to estimate behavioral responses and the subjective social costs associated with an environmental disturbance. The second approach uses hedonic models and market transaction data to objectively estimate the costs of negative externality on housing values. Our study differs from these traditional approaches by using data on household electricity consumption to test the behavioral responses of households to the negative externalities associated with construction activities on neighboring sites. There are three contributions made in this paper to the residential energy consumption literature. First, we demonstrate that energy consumption is endogenously related to the demand for comfort by households in optimizing their utility from housing service. Second, we use the negative externalities created by construction activities in surrounding environment of public housing estate to test short-term responses of households through increases in electricity consumptions to prevent the declines in their dwelling comfort. Third, we also found significant rebound effects in household electricity consumption behaviors after the removal of the externalities at the end of the construction activities.
The remainder of the paper is organized as follows: Section 2 reviews past studies of residential energy (electricity) consumption behavior. Section 3 provides background on residential electricity consumption and housing construction activities in Singapore. Section 4 describes the data sources and empirical methodologies. Section 5 analyzes empirical results and draws necessary inference on households' adjustment of dwelling comfort through increases in electricity consumption. Section 6 concludes by highlighting the limitations of the study.
Literature Review
There are two strands of literature on residential energy consumption. The first strand models energy consumption as an input into the production of comfort enjoyed in dwelling ("purchased comfort"). Quigley (1984) and Quigley and Rubinfeld (1989) explicitly separate housing attributes, such as vintage, room arrangement and size, that provide direct satisfaction to households, from the attributes such as furnaces and air-conditioners that are combined with energy (electricity and gas) as inputs to the production of thermal comfort ("produced comfort"). Quigley (1984) tested the impact of energy price changes on the demand for housing services and input factors using a sample of newly constructed dwelling, and found that high energy prices could induce "conservationism" in household energy consumption. Quigley and Rubinfeld (1989) also show that high energy prices have a positive impact on housing prices, and households may choose to substitute housing vintage (attributes) and production input in housing services (energy consumption). The elasticity of substitution between "purchased comfort" (energy consumption) and "produced comfort"
(demand for comfort) is also stronger in areas (MSA) with extreme climates.
The second strand of research focuses on residential energy (electricity) demand as a direct consumption good. Like the model of housing services demand proposed by Quigley and Rubinfeld's (1989) , three broad categories of factors are expected to influence electricity demand by households, which include factors of housing services production (energy consumption and installation of air-conditioner and furnace), housing attributes (vintage and design), and climatic factors. On the energy costs (inputs), an early study by Fisher and Kaysen (1962) showed that overall, households do not significantly adjust their electricity consumption in relation to electricity price changes, but variations in electricity consumption are observed among households with different income. Wilson (1969) and Anderson (1972) found that electricity prices, income and gas prices are jointly significant in determining electricity demand. Halvorsen (1975) , however, rejected the inelastic electricity consumption hypothesis, and found a strong direct price elasticity of demand with respect to electricity price that is near unity, but a weak and insignificant cross-elasticity of demand with respect to gas prices.
In a study of household behaviors in electricity consumption using micro-data of 1,300
Californian households, Reiss and White (2005) showed significant skewness in the distribution of price elasticities of residential electricity demand. They found that the nonlinear pricing structure in California's electricity tariff that was intended to promote energy conservation has attracted different behavioral responses of households with different income levels. They found that high income households and households with high electricity consumption are less sensitive to changes in electricity prices. Reiss and White (2008) study the impact of energy price spike in June 2000, and the subsequent price cap in California on households' electricity consumption. They show that electricity consumption dropped by 13% during the energy price spike periods, but consumption rebounded by 8% when a price cap was subsequently imposed after a 60-day period, controlling for the weather effects before and after the price changes. They also showed that Californian households responded voluntarily to the public campaign that appealed to them to conserve energy during the price cap periods. Costa and Kahn (2013) found that the "voluntary restraint" in conserving energy is stronger in liberal communities than in conservative communities. Kahn (2007) also shows that communities with a high share of Green Party registered voters are more likely to adopt "green conspicuous consumption" of energy-efficient products, and that public pressure to conserve energy is more effective in the Green Party-dominated communities.
Changes to households' electricity consumption behavior could be transitory when energy prices fluctuate, which is referred to as the rebound effects. Long-term responses could be observed if input factors substitution is adopted by households via upgrading and/or investments in more energy-efficient furnaces and air-conditioners to maintain their levels of produced comfort in the housing services. 2 However, Metcalf and Hassett (1999) and Dubin, Miedema and Chandran (1986) argue that the engineering estimates of investment returns in energy efficient technologies are excessively high. Metcalf and Hassett (1999) found that realized returns of investing attic installation were vastly short of the returns estimated by engineers and product manufacturers, of which they call an "energy paradox". The results
were also affirmed by Dubin, Miedema and Chandran (1986) where they showed that the realized benefits of energy conservation was 13% below the engineering estimates for cooling and 8-12% below for heating. However, the two studies disagreed on the rebound effects. Metcalf and Hassett (1999) found that households did not change the temperature setting on their thermostats after investing in attic installation. However, Dubin, Miedema 2 Short run income and price effects are found to be weaker than long term effects on electricity consumption (Dodgson, Millward, & Ward, 1990; Holtedahl & Joutz, 2004; Kamerschen & Porter, 2004; Moral-Carcedo & Vicéns-Otero, 2005) .
and Chandran (1986) showed that price elasticities were lower, where households keep their houses warmer in summer and cooler in winter. Costa and Kahn (2010) showed that California's building codes first instituted in 1978 were only effective in lowering electricity consumption in houses built during the pre-code periods and also periods after 1983; but the impact was insignificant during the initial period of introduction of the codes. They argued that the low electricity prices in the 1970s and early 1980s (the initial periods of the introduction of the new codes) contributed to the inefficient building designs during the periods. In another study by Jacobsen and Kotchen (2013) using residential billing data on electricity and natural gas in the city of Gainesville, Florida, they found that buildings constructed after the 2001 energy codes are energy efficient. They estimated that the energy code resulted in a 4% decrease in residential electricity consumption, and a 6.4% reduction in residential natural gas consumption. They also found that households of postcode-change residences are less responsive to weather-induced demand shocks on their electricity consumption.
Household energy consumption can also be influenced by climatic changes, such as increases in the number of heating or cooling days (Grimmond, 2007) . Quigley and Rubinfeld (1989) found that significant variations in "purchased comfort", such as energy consumption, exist in different MSAs. Households in cities with extreme climates, such as Washington, Kansas City, Chicago, Minneapolis and Milwaukee, consumed relatively more energy ("comfort") than households in the coastal cities with mild climates, such as Seattle, Portland, Sand Diego, San Francisco and Los Angeles. Their results also showed that dwelling located in cities with milder climates are substantially more expensive than those located in warm or cold climates, other things being equal.
In the empirical tests of households' behavioral responses to price effects, one obstacle is to find good instruments to control for endogeneity in energy prices and demand. The building code changes are not easily disentangled from energy price effects, though some studies show that buildings in the post-code change periods have adopted more energy-efficiency designs (Costa and Kahn, 2013) . Do households sharing an environmental ideology tend to converge in the same community? Do liberals practice more voluntary restraints, or do they simply have lower demand for comfort? These are confounding factors that may possibly taint the outcomes on households' demand for comfort.
In this study, we do not observe the actual demand for "comfort" of heterogeneous households, but we use construction activities to identify marginal change in "produced comfort" in housing services by households living in adjacent housing estates. Construction noise and pollution deteriorate the comfort level; and households may increase "purchased comfort" via air-conditioning indoor environment such that the negative impact on their dwelling comfort is mitigated. If construction noises induce more electricity consumption by households, we should only observe marginal increases in electricity bills of households in housing estates that are close to construction sites relative to those who are not affected by construction activities, keeping weather and housing attributes constant. Urban heat island (UHI) is a phenomena where built-up city areas experience warmer temperature than outlying rural areas (Oke, 1982; Stone and Rodgers, 2001 
Construction Activities and Residential Electricity

Residential Electricity Consumption
In Singapore, residential electricity consumption accounts for 15% of the overall electricity demand, which is the third largest user of electricity after industry (40.2%) and commerce and services (37.5%). Singaporean households use the bulk of electricity for ventilation and cooling purposes. Air conditioners and refrigeration appliances account for nearly two third of the household electricity bills, which is higher than that in a typical office building, which uses only 40% of its electricity on average for air-conditioning ("produced comfort") purpose (Ang, Goh, & Liu, 1992; Lee & Rajagopalan, 2008) . The electricity consumption by households in Singapore is thus highly correlated with the mean temperature on the island (Figure 1 ).
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The statistics are obtained from the annual report 2012 by the Energy Market Authority (EMA) of Singapore.
Electricity demand hits the peaks in the months from May to July when the mean temperature is the highest in a year.
[Insert Figure 1 here]
An Experiment with Households in Public Housing Estates
In Singapore, the Housing Development Board (HDB), the public housing authority, builds and allocates public housing units at concessionary prices to more than 80% of the eligible Singaporean citizens. We collected the block level monthly electricity consumption data of HDB residents as the outcome variables, and also calculated the distance of each HDB block to the nearest construction site using geographic information system (GIS) software. We sort the HDB housing blocks into a treatment group identified by their close proximity (within a radius of 500 meters to 1000 meters) to construction sites and the remainders as the "control"
group; and empirically test two research questions in our study. First, do households change their electricity consumption ("purchased comfort") by closing windows and relying more on air conditioning in response to pollution (negative externalities) from the nearby construction activity? Second, is there a rebound effect in the post-construction period, which implies a permanent shift in consumption behavior of the affected residents?
As the indoor comfort levels are deteriorated by neighboring construction activities, Singaporean households could choose to use fans and air conditioners and close their windows to keep out noise and heat from the indoor environment. By changing the ventilation strategies, they keep disturbances (negative externalities) generated from the external construction activities out of their indoor environment. They will incur higher costs for the "purchased comfort", which are reflected in rising electricity bills during the months when construction activities are carried out in the adjacent sites. However, some households who choose not to embrace the high-cost ventilation strategies endure the lower "produced comfort" in their indoor environment using the natural ventilation without increasing airconditioning costs.
Data and Empirical Methodology
Data on Electricity Consumption
We obtained the monthly electricity consumption data for a large sample of HDB (public) housing blocks for the period from 2009 to 2011 from the National Environmental Agency (NEA), a Singapore's government agency entrusted with the responsibilities of enforcing the EMP regulations. Electricity consumption data are available at the block (building) level, where each public housing block (building) is identified by a unique six-digit postal code.
The block design of HDB housing is not homogeneous, but the block related attributes are not available in our study. [Insert Figure 2 here]
Data on Construction Activities
The second data source includes construction activities in Singapore between 2009 and 2011, which were obtained from the construction database of the Building Construction Authority (BCA). The database includes all major types of construction such as residential, commercial, industrial and public infrastructure works. After removing infrastructure projects, building upgrading and alteration ventures, our final samples contain 322 construction activities involving erection of at least one building identifiable by a distinct postal code. Figure 3 shows the distributions of the construction activities during the periods 2009-2011.
[Insert Figure 3 here]
For identification purpose, we assume that HDB housing blocks are 'affected' by negative externalities, if they are located within 1km radius from a construction site. The use of 1 km radius instead of the 150 meters permissible range stipulated in the EMP regulations could reduce biases of excluding potential noise sources from adjacent construction sites. We are able to match a final sample of 42 construction projects occurring within a 1km radius to 1,800 HDB housing blocks from our sample. As the impact of construction activities is also correlated with the scale of construction projects, we further adjust the distance (radius) measure by the gross floor areas of each project. For smaller construction project of less than 5000 square meters (sqm), the radius of 500 meters is used vis-à-vis the 1km radius for other larger scale projects. The scale adjustment takes account of both the intensity and also the coverage (boundary) of negative impact generated from construction activities. Based on the above two-tier distance identifiers the samples of HDB housing blocks are sorted into the treatment groups (denoted as "treated" in the empirical models), and the "control" group.
Next, we use the Getis-Ord Gi* tool in ArcGIS 10 (ESRI) to detect spatial non-stationarity in the data when comparing across years. The Gi* tool also measures statistically significant clusters of high and low values by percentage change in electricity consumption at block level ( Figure 4 ). The strongest clusters with positive changes (year on year increases) in electricity consumption are found in the northern and eastern regions of the island. There are important spatial factors that may have accounted for the clustering effects; and we hypothesize that construction activities may be one of the contributing factors. We use our sample of 42 construction sites and the corresponding 1800 HDB blocks that are bounded within 1 km radius to test our hypothesis.
[Insert Figure 4 here]
Empirical Design
The HDB housing blocks provide a natural experiment to test if residents living close to construction sites increase electricity consumption ("purchased comfort") to mitigate negative externalities generated by nearby construction activities. We also test differences between household's electricity consumption during (at the start of) and after a construction event. First, we run a regression model with the log of electricity consumption by block controlling for the unobserved spatial heterogeneity using a fixed district effect variable ( i ), and the month of the year variations using a fixed time effect variable ( t ); and the regression equation is represented as:
where  i is an intercept term,  it is an i.i.d error term, and  i is an estimated coefficient on the "Treated" variable, which has a value of 1, if the distance to of the HDB housing block i is located within either 1km radius, or 500m radius from the nearest construction site, if the project's gross floor area is less than 5000 square meters (sqm). If [ 1 > 0] is not rejected, the result implies that households living in the "treated" blocks consume more electricity relative to the control group of households. As the temperatures do not vary significantly across the island, and that the unobserved spatial heterogeneity and the time of the year variations in temperature are also controlled in the fixed effect model, the results are correlated with the marginal declines in the comfort levels caused by air and noise pollutions from the nearby construction sites.
We thus argue that households will adjust their electricity consumption by using more airconditioning during the construction periods to keep out the negative externalities.
Households' marginal increases in electricity consumption are price inelastic in the shortterm. One limitation in our empirical test is that data of block (building) attributes of HDB flats are not available. However, we replace the district fixed effect by a more disaggregate block level (postal code) fixed effects to account for potential within-sample differences that might capture changes in the consumption behavior between different blocks on the island.
These include regional socioeconomic differences (income and demographics) and building level differences (gross floor area, number of units, building material and age). The use of block fixed effects ( i ) gives the lower bound of the estimates of the marginal effects of the electricity consumption.
The second model tests the permanent changes in electricity consumption patterns of households living in "treated" blocks, after the construction activities have ceased at time C, which is also known as the rebound effect. Equation (2) is represented by the specification below:
where C is a dummy variable indicating time after the completion of construction activities at the subject sites in our samples, such that ["Treated" C] has a value of 1, if a subject HDB block is identified by both the distance measure, i.e. within the 500m or 1km subject to the scale of construction, and the completion time measure, C, where the month of the electricity consumption is measured in time, [t  C] . The spatial (district/building) and the time (month of the year) fixed effects are both controlled in the model. If  2 is positively significant, we reject the "rebound" effect hypothesis that households living close to construction sites will revert the electricity consumption back to their previous level, after the removal of the externalities generated by the construction activities. The result implies that the shift in households' electricity consumption induced by the negative externality is permanent. Table 1 Table 1 here] Table 2 shows the results of the tests of a permanent shift in electricity consumption behavior of affected HDB households. The coefficient  2 indicating the electricity consumption of "treatment" HDB blocks after the completion of the construction activities is significant (p < 0.05) and positive in both models. The GLM Model (2) estimates that the post-construction period electricity consumption of households in blocks located within 1km from large construction sites (>5,000 sqm) (or 0.5km for smaller construction sites) is 6.8% higher than that of households unaffected by the negative externalities. In GLM Model (3), we control for unobserved block level heterogeneity using the postal code fixed effects, the variations in the post-construction electricity construction are weaker, though the coefficient on "Treated  C" remains positive and significant at less than a 5% level. The results imply that the "treated" residents demand higher level of "comfort" in the post-construction periods relative to the control households. The "treatment" group of households did not revert their electricity consumption to the pre-construction level despite the removal of the negative externalities. In other words, there is a permanent shift in the electricity consumption behavior of the "treated" households in the post-construction periods.
Empirical Results
[Insert Table 2 here]
Robustness test
As robustness checks, we repeat the regressions using two sub-sample periods: 2009-2010 and 2010-2011 , to test the structural validity of the previously estimated coefficients. Table 3 summarizes the regression results of the differences in electricity consumption between HDB blocks affected by nearby construction activities ("treated") and those control HDB blocks 6
Based on an average electricity consumption for all blocks = 50,256.4 kWh, and the increases in electricity consumption of the treated blocks over untreated blocks (GLM model (3)) of 6.0%, the excess demand is computed at 3,015 KWh. However, when we rerun the models by using the fixed postal code effect to capture for unobserved spatial heterogeneity, the coefficient  1 in the GLM Model (3) for the sub-period 2010-2011 is higher than that estimated using the sub-period 2009-2010 samples. Overall, the effects of construction activities on electricity consumption are significantly positive for households in both sub-samples, ceteris paribus.
[Insert Table 3 here] Do the permanent shifts in electricity consumption behavior of affected households in the post-construction activities persist in the two sub-sample periods? Table 4 shows that during the post-construction periods, the results on the electricity consumption behaviors of the "treated" households are significantly different from those in the "untreated" blocks. The
GLM Model (1) shows that the coefficient on the "Treated" variable is positive and significant after the construction activities were completed in the two sub-samples period 2009-2010 and 2010-2011 . After controlling for the fixed district and the fixed month effects, the results are robust and the coefficients are still statistically and economically significant for the two sub-sample periods. However, when unobserved block level heterogeneity is controlled, the treatment effect is still significant though the effect is weaker in the sub- [Insert Table 4 here]
Discussions and Implications
This study provides contributions to three aspects of the literature on household energy consumption and environmental externalities. First, we show that households are not just sensitive to energy costs and non-linear pricing strategies in making their energy consumption choice White, 2005 and ; they would adjust their "consumed comfort" when their indoor environment ("demand for comfort"), which is an element of the housing service utilities (Quigley and Rubinfeld, 1989) , is deteriorated by external pollutions (negative externalities). This contribute to the previous studies that used building energy code changes (Costa and Kahn, 2010; Jacobsen and Kotchen, 2013) and political ideology (Kahn, 2007; Costa and Kahn, 2013) as the exogenous intervention to test household electricity consumption behavioral changes. Second, increases in the energy expenses by households living close to the construction sites as found in our study provide an indirect but objective valuation of negative externality costs based on actual market transactions, rather than hypothetical scenarios as in stated preference surveys..
The rebound effects evidence in energy literature has been mixed. Reiss and White (2008) found significant rebound effects in Californian households' electricity consumption, when price cap was imposed in the fall of 2000. However, Dubin, Miedema and Chandran (1986) and Metcalf and Hassett (1999) show that found no rebound effects where installation of energy efficient appliances did not reduce the effective price of comfort, and households increased energy usage to provide additional comfort. Our third contribution show that there was no significant rebound effect, when we test the difference in electricity consumption of households after the removal of the construction externalities; we instead found significant persistent in the electricity consumption by households that were affected by construction noises. However, the persistent in their electricity consumption is shown to be time- and reputation signaling, construction firms should be motivated to take mitigation measures to reduce environmental risk and noises, such as site boarding, advance construction technology and equipment. Lastly, the externality costs from construction activities on households are economically significant, which work out to be S$9,770 per annum per block.
Compensating households that are affected by the construction noise may be socially just and equitable, but may not be an efficient solution (Alexandre, Barde, & Pearce, 1980 ). Colwell (1997 has proposed a tender offer system to quantify the compensation for injury or sufferance of environment noises by households, thereby reduced distributional effects of the negative externality. We also must emphasize that we only calculated one cost (increased electricity consumption) resulting from nearby construction. Households might very well claim additional costs related to negative health or psychosocial effects.
Conclusion
This study merges a unique dataset of electricity consumption by public housing residents in Singapore measured at the block (building) level with the data of construction sites located within 1km (radius) boundary, and uses the data to test households' electricity consumption behaviours. Our results covering the periods from 2009 to 2011 showed that there were significant increases in electricity consumptions by households living close to construction sites. The increases in electricity consumption induced by negative externalities generated by construction noises was estimated at about 6.0% relative to those unaffected ("control") households, after controlling for the fixed building and fixed month of the year effects in our models. The costs of negative externalities are economically significant, which were estimated to be about S$9,770 per annum for each affected HDB block, based on the average monthly consumption of 50,256 KWh per block and an electricity tariff of 0.27 cents (National Environmental Agency, 2009). We also found that the changes in electricity consumption of the affected households were permanent, and the electricity consumption of the affected households did not revert back to the pre-construction levels, after the removal of the negative externality. They consumed more electricity than other households living outside 1km radius of construction sites, even after the completion of the construction activities. The results did not support the "rebound" effects as observed in Reiss and White (2008) .
This study contributes to the literature on energy consumption behavior and also environmental induced externalities. The results show that the demand for comfort (electricity consumption) could be driven by interference via construction activities to indoor environment of households. The distance to the source of negative externalities (construction noises) is a clean identification in our tests, and it is not endogenized in the energy demand function, compared to the use of energy price as an exogenous variable, which requires strong instruments to remove potential simultaneity effects Lipscomb, Mobarak and Barham, 2013) .
Based on the marginal increases in electricity consumption between housing blocks located within the externality boundary versus the unaffected housing blocks, we could also objectively quantify the negative externality costs imposed on households, which live, not by self-selection, near to construction sites. The approach uses the market pricing, via marginal energy prices, to measure the environmental induced externalities, which is less influenced by subjectivity of households as in the contingent claims approach. 
